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Detection of endograft fractures with
multidetector row computed tomography
Justus E. Roos, MD, Jeffrey C. Hellinger, MD, Richard Hallet, MD, Dominik Fleischmann, MD,
Christopher K. Zarins, MD, and Geoffrey D. Rubin, MD, Stanford, Calif
Delayed endograft metallic strut failures detected in vivo with multidetector row computed tomography (MDCT) are
reported in two patients who underwent endovascular abdominal aortic aneurysm repair with AneuRx and Talent
endografts. In both instances, nitinol fractures were associated with proximal migration and type I endoleak. In both
cases, the metallic strut fractures were detected with transverse sections from 16-channel MDCT angiograms and
confirmed by using volume rendering. These cases highlight the previously unreported ability of thin-section, high-
resolution MDCT angiography to detect endograft strut fractures. ( J Vasc Surg 2005;42:1002-6.)Successful endovascular aneurysm repair requires se-
cure fixation and sealing in nonaneurysmal aortic and iliac
arterial segments, proximal and distal to the abdominal
aortic aneurysm (AAA), respectively. After deployment,
patients require routine surveillance to assess for a variety of
complications, including limb occlusion,1 endoleaks,2 en-
dograft migration,3 structural failure,4-11 aneurysm sac en-
largement, and AAA rupture.12 In many centers, the assess-
ment for metallic strut fractures is performed with abdominal
radiographs, and either computed tomographic (CT) angiog-
raphy or duplex sonography is performed for identifying en-
doleak and changes in aneurysm size. A spectrumof follow-up
and imaging recommendations are available from the manu-
facturers. To our knowledge, data have not been published
on the level of compliance with these recommendations to
indicate the frequency with which abdominal radiographs
are acquired routinely after endograft repair. Recent tech-
nical improvements in CT scanners allow the routine acqui-
sition of thin, approximately 1-mm-thick sections, and this
improves the possibility that CT would be suitable for
detecting metallic strut fractures. We present two cases of
endograft metallic strut fracture detected exclusively by
CT. To our knowledge, these are the first reported cases of
strut fracture detected prospectively by CT.
CASE REPORTS
Imaging technique. For both cases, CT angiograms were
obtained by using a 16-channel multidetector row CT (MDCT)
scanner (Lightspeed; GE Medical Systems, Milwaukee, Wis) with
the following parameters: 1.25-mm detector width, 1.375 pitch,
0.6-second gantry rotation speed, 325mA and 120 kVp, 1.25-mm
nominal reconstructed section thickness, and 0.8-mm reconstruc-
tion interval. A total of 120 mL of nonionic contrast medium with
an iodine content of 350 mg/mL (Omnipaque-350; General
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1002Electric Healthcare Biosciences, Princeton, NJ) was injected at 5
mL/s trough a 20-gauge antecubital intravenous catheter.
Image interpretation. The CT data were transferred to a
server-based online three-dimensional workstation (AquariusNet;
TeraRecon, San Mateo, Calif). Transverse CT sections, multipla-
nar reformations, and volume renderings were assessed interac-
tively and in real time by the interpreting radiologist in both cases.
Interaction time required approximately 5 minutes per case.
Patient 1. An 89-year-old woman with a 72-mm infrarenal
AAA underwent successful exclusion with a bifurcated 26-mm
AneuRx endograft (Medtronic, Minneapolis, Minn). The AneuRx
endograft is a modular, bifurcated, self-expanding Dacron graft
(DuPont, Wilmington, Del) supported with a nitinol exoskele-
ton.13 At 25 months after deployment, 16-channel MDCT an-
giography demonstrated an opening of the fourth row of metallic
struts anteriorly, disruption of at least four junctions between the
superior aspect of the fourth row of metallic struts and the inferior
aspect of the third strut row, and disruption of five junctions
between the inferior aspect of the fourth row of metallic struts and
the superior aspect of the fifth strut row (Fig 1, C-E). In compar-
ison to the MDCT angiogram performed after endograft deploy-
ment, there was interval loss of the apposition between the en-
dograft and the aortic wall at the proximal neck, development of a
type Ia endoleak (Fig 1, C), expansion of the proximal neck from
21 to 27mm, and a 5-mm distal migration of the anterior aspect of
the proximal end of the endograft (Fig 1, A and B). The AAA sac
had not enlarged compared with 25 months previously. No ab-
dominal radiographs were acquired simultaneously with the
MDCT angiogram that showed the endograft fracture.
Patient 2. A 76-year-old man with a 70  71-mm infrarenal
AAA had a proximal infrarenal neck diameter and length of 30 mm
each. The patient underwent endovascular aneurysm repair with a
Talent endograft (34-mm proximal and 22-mm distal diameter;
155 mm long; Medtronic Vascular, Santa Rosa, Calif), which is a
modular, bifurcated, self-expanding device consisting of one un-
covered proximal stent, making suprarenal deployment possible,
and multiple Dacron-covered nitinol stents connected by several
longitudinal metallic bars.14 Three days after deployment, MR
angiography was performed because of an increased serum creati-
nine level and depicted an endoleak adjacent to the proximal aspect
of the flow divider of the endograft. Subsequent MR angiograms 1
and 7 months after deployment of the endograft showed no
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Volume 42, Number 5 Roos et al 1003Fig 1. Multidetector row computed tomography images of a patient treated with the AneuRx endograft. The first
postdeployment MIP image (A) demonstrates anterior angulation of the proximal endograft; the MIP image 25
months after deployment (B) reveals a marked change in the angulation of the endograft, with caudal migration of the
anterior rim of the endograft and no change in the position of the posterior rim of the endograft. This was associated
with the development of a type I endoleak. A cross-sectional image (C) demonstrates the proximal type I endoleak with
contrast in the aneurysm sac (arrowheads) and a break in the integrity of the stent ring (arrow). Volume-rendered right
oblique (D) and left oblique (E) images demonstrate a nitinol stent ring fracture with disruption of the metallic
framework (double arrowheads).
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months after deployment, the patient’s serum creatinine normal-
ized, and a CT angiograph was performed. Sixteen-channel
MDCT angiography demonstrated a single fracture of a proximal
strut in the first row on the posterior aspect of the endograft (Fig 2,
C and D) with a new accompanying type Ia endoleak (Fig 2, A and
Fig 2. Transverse multidetector row computed tomog
Talent endograft at 15 months after deployment. The tra
type I endoleak with contrast outside the lumen of
(arrowheads). Although an isolated metallic strut fracture
through the same view angle as (B), but rendered with an
aortic lumen, allows precise localization of the metallic
(arrows). A VR image (D) isolates the proximal stent rin
metallic framework at the stent ring fracture.B) at the proximal aspect of the endograft. The aneurysm diameterincreased from 70 to 80 mm. Abdominal radiographs were not
acquired with this MDCT angiogram.
DISCUSSION
Despite an improved understanding of the metallur-
gic and fabric properties of endografts, material failure
and volume-rendered (VR) images demonstrating the
se image (A) and VR image (B) demonstrate a proximal
ndograft in the posterior aspect of the aneurysm sac
rd to recognize on the transverse image, a VR image (C)
ity transfer function that excludes the contrast-enhanced
work. Fracture of the uppermost stent ring is apparent
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and aneurysm rupture.6-11,15-18 The primary failure
modes of endografts are suture breakage, fabric fatigue,
and metallic strut fractures. Metallic strut fractures are
potentially caused by stress fatigue and metal corro-
sion.6,7
A reduction in the structural integrity of the stent
graft might be expected to be associated with a loss of
device fixation and migration. Nevertheless, on the basis
of the current literature, an explicit association between
device failure and adverse outcomes has not been estab-
lished. A recent study of 120 explanted AneuRx en-
dografts reported that migration was associated with
more stent strut fractures and that suture breaks were
seen in most of the devices. Nevertheless, a causal rela-
tionship between device failure and clinical outcome was
not established.5 In an analysis of endograft fatigue in
686 patients, 60 patients had endograft fractures.6 Most
of these patients were asymptomatic and did not un-
dergo intervention. While the true clinical relevance of
endograft fracture detection is not known, until their
significance is known, we should not dismiss their detec-
tion as being unimportant. CT scanning reveals en-
dograft failure modes, and the detection of structural
failures may lead to more robust designs in the future.
In vivo visualization of strut fractures is challenging
because of the thinness of the strut widths (approximat-
ing 0.25 mm) and the complex architecture of the me-
tallic framework of the endograft.6 Although conven-
tional abdominal radiographs have sufficient spatial
resolution to visualize the strut width, the depiction of
strut fractures is often difficult.10,19 To optimize these
shortcomings, some manufacturers recommend oblique
views in addition to standard anteroposterior and lateral
projections. Abdominal radiographs were not obtained
at the time of MDCT angiography; therefore, we do not
know if abdominal radiographs would have detected the
strut fractures in these two cases. Although the evalua-
tion of the problems that can plague abdominal radiog-
raphy, such as strut overlap, poor contrast in obese
patients, and motion blurring, might result in CT’s
being the preferred method to assess metallic strut integ-
rity, formal hypothesis testing is required before it is
assumed that a single CT scan could replace the combi-
nation of abdominal radiographs and CT scans after
endovascular aneurysm repair.
To our knowledge, these are the first reported examples
of prospective detection of stent-graft strut fracture with
MDCT. The high volumetric spatial resolution of CT
angiography affords unparalleled detail of the metallic
exoskeleton in vivo. Although the strut fractures were
initially detected from stacked transverse sections, interac-
tive volume rendering provided a better depiction of the
nature and number of the fractures and their relationship to
the new type Ia endoleaks. The value of these visualization
techniques is directly related to the quality of the CTacquisition. Had the CT scans been acquired with sections
thicker than 1.5 mm and without at least a 50% overlap,
detection of these strut fractures might not have been
possible.
In conclusion, this case report suggests that when
properly performed and scrutinized, CT angiography
can detect strut fractures that may precipitate endograft
migration. However, establishing the diagnostic accu-
racy of CT for detecting strut fractures and determining
their clinical relevance will require further investiga-
tion.15-20
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